For the improvement and maintenance of the desirable ecological value of grasslands it is necessary to manage them in a way which maintains their structure and their long-term functioning. Extensive grazing plays a crucial role in the seasonal biomass removal, thereby it prevents litter accumulation and shrub encroachment. Defoliation and biomass removal are 2 among the most important effects of grazing on the vegetation, while the sufficient quantity and quality of plant biomass is an important ecosystem service for animal husbandry. In order to maintain the long term functioning of pastures it is important to gather information about the amount of consumed biomass and the dietary choice of the grazers. Therefore, we studied the direct effects of grazing on species-rich meadow steppes in Central-Hungary and the underlying mechanisms of dietary choice of cattle using trait-based approach. We asked the following questions: (i) What are the direct effects of grazing on the main biomass fractions (litter, moss, forbs and graminoids)? (ii) Which traits distinguish the preferred and nonpreferred vascular plant species? The studied pastures were divided into two adjacent units, which were managed differently in the study year: the grazed units were managed by grazing for three months before the sampling date, while the control units remained ungrazed until the sampling. We collected above-ground biomass samples, measured leaf traits and shoot nitrogen content of plants. The consumption of the litter and moss biomass was negligible, while the reduction of the live biomass of vascular plants was 65%. Grazing significantly decreased the flowering success of plants. Cattle consumed species characterized by high specific leaf area and high nitrogen content. Based on our results we emphasize that, in order to ensure the reproduction of most plant species in the long term, it is unfavourable to graze an area every year in the same period. Instead, it is recommended to use grazing in a mosaic spatial and temporal pattern. The livestock carrying capacity of an area and the long-term management of grasslands can be carefully planned based on biomass measurements and the nutritional value of plants, which is well indicated by some easily measurable plant properties such as specific leaf area and the nitrogen content of species.
Introduction
The management of grasslands has undergone dramatic changes over the last centuries worldwide, both intensification of agricultural utilization and abandonment of traditional management practices led to the decline of their conservation value (Deák et al., 2017; Valkó et al., 2018) . Moreover, the former area of grasslands has been fragmented and their ecological functions have been deteriorated, which makes them vulnerable (Bakker and Berendse, 1999; Kelemen et al., 2013) . Thus, for the improvement and maintenance of the desirable ecological value of the grasslands it is necessary to manage them in a way which maintains their structure and their long-term functioning (Kelemen et al., 2014; Török et al., 2014; Tälle et al., 2016 , Godó et al., 2017 . Former studies proved that grazing adapted to the grassland type can be a proper tool to fulfil this aim (Isselstein et al., 2005; Tälle et al., 2016 , Tölgyesi et al., 2015 . Maintaining the appropriate management of pastures is much more efficient both from a nature conservation and a financial point of view than the reconstruction of the degraded stands (Török et al., 2011; Valkó et al., 2016) . Extensive grazing plays a crucial role in the seasonal removal of biomass and prevents litter accumulation and shrub encroachment (Elias and Tischew, 2016) . Grazing animals influence vegetation via several mechanisms; they can create colonization gaps and disperse the propagules by endo-and epizoochory allowing the establishment of many plant species (Will and Tackenberg, 2008; Eichberg and Donath 2018) . Defoliation and biomass removal are among the most important effects of grazing, while the sufficient quantity and quality of plant biomass is an important ecosystem service for animal husbandry. In order to maintain the functioning of pastures in the long run, it is important to fine-tune grazing regimes according to the consumed biomass and the preference of the grazing animals.
Selective grazing may change the species composition and the trait distribution of the vegetation; species with particular trait syndromes may become more abundant while others may be suppressed (Tóth et al., 2018; . The scientific methods of vegetation studies have changed over time; recently the trait-based approaches became favoured over the former species identity-based approaches (Navas et al., 2010; Raevel et al., 2012) . The trait-based approach offers an opportunity for the broad generalization of the findings, enabling the global-scale comparisons of results from habitats with distinct species pools (Lepš et al., 2011; Westoby, 1998; Kelemen et al., 2016) . Several studies have shown that cattle prefer the nutrient-rich species, since their strategy is to maximise their energy intake rate with the lowest possible energy investment (Illius et al., 1992; Rutter et al., 2004; Soder et al., 2007) . For this reason, plant species favoured by cattle generally have a high specific leaf area (SLA), high nitrogen and phosphorus content, and are often large-sized species that are visible from afar (Coppock et al., 1986; Díaz et al., 2001) . Non-preferred species are often characterized by high dry matter content, high carbon/nitrogen ratio, and they are often hairy or thorny species (Moretto and Distel, 1997, Palkova and Lepš, 2008) .
In many cases the efficient management of high-diversity pastures is hampered by the lack of knowledge about the functioning of these habitats. To fill this knowledge gap it is crucial to reveal the biomass consumption rate and dietary choice of grazers in these habitats. For this purpose, we studied the following questions: (i) What are the direct effects of grazing on the main biomass fractions (litter, moss, forbs and graminoids)? (ii) Which traits distinguish the preferred and non-preferred vascular plant species?
Material and methods

Study area and sampling
Two meadow steppe sites were sampled in the central part of the Great Hungarian Plain (Central-Hungary), in the Kiskunság National Park (coordinates for the centre: 47°06′N, 19°16′E). The climate in the region is continental, the mean annual temperature is 10 °C and the mean annual precipitation is 520 mm (Vadász et al., 2016) . There are huge continuous primary and ancient steppes which cover several thousand hectares in this region. Their soils are meadow soils characterized by high humus content. These meadow steppes usually originated from Molinion meadows and are dominated by Molinia caerulea, Chrysopogon gryllus and Agrostis stolonifera (Molnár et al., 2008; Vadász et al., 2016) . This habitat type is characterized by a unique species pool and high diversity, harbouring more than ten orchid species (e.g. Anacamptis pyramidalis, Ophrys oestrifera, Ophrys sphegodes, Orchis coriophora) and several other plants protected in Hungary (e.g. Centaurea scabiosa subsp.
sadleriana, Gentiana pneumonanthe, Iris sibirica, I. spuria, Koeleria javorkae, Ophioglossum vulgatum, Schoenus nigricans and Veratrum album). The study sites have been managed by grazing for decades, nowadays extensive beef cattle grazing is typical with moderate grazing intensity (0.4 animal unit/ha). Both study sites were divided into two adjacent units which were managed differently in the study year, giving an opportunity to use split-plot design. The grazed units were grazed for three months before the sampling while the control units remained ungrazed in the study year until the sampling. Within each unit 35 above-ground biomass samples were collected from 20 cm × 20 cm plots in late June 2015, at the peak of biomass production. After drying, all 140 samples (2 sites, grazed and control units in both sites, 35 samples per unit) were separated to litter, moss and living biomass of vascular plants, and the latter fraction was sorted to species. Dry weights were measured with 0.01 g accuracy.
The numbers of flowering shoots were also counted for each species in the biomass samples.
Data analyses
Community level analyses
In the community-level analyses, we considered all the vascular plant species detected in the biomass samples. We used linear mixed-effect models (LMEs) for exploring the effect of grazing on the dependent variables, where the grazing unit was set as fixed factor and the studied sites as random factor. Dependent variables were species density (species number/0.04m 2 ), amount of litter (g/m 2 ), moss biomass (g/m 2 ), living biomass of vascular plants (g/m 2 ), living biomass of graminoids (g/m 2 ), living biomass of forbs (g/m 2 ), total number of flowering species (species/0.04m 2 ), number of flowering graminoid species (species/0.04m 2 ), number of flowering forb species (species/0.04m 2 ), total number of flowering shoots (shoot/m 2 ), flowering shoot number of graminoids (shoot/m 2 ) and flowering shoot number of forbs (shoot/m 2 ).
Trait-based analyses
In order to reliably estimate species level biomass loss, we considered the species that occurred in more than 10% of the samples in each studied units. Altogether 100 vascular species were detected in the samples from which 29 species complied with this criterion, adding up to 92.5% of the total living biomass of vascular plants. To compare the biomass of these 29 species in the grazed units and controls, we used parametric and non-parametric pairwise tests (i.e. t-test, Welch t-test or Mann-Whitney U test) depending on the results of the normality tests (Shapiro-Wilk test) and the F-tests of the equality of variances. We classified these 29 species into three preference categories based on their biomass loss showed by the results of the pairwise tests as follows: (i) non-preferred: no significant differences in their biomass between the grazed and control units, (ii) moderately preferred: significantly higher biomass in control units, but with biomass loss lower than the average reduction of the living biomass of vascular plants (65%), (iii) highly preferred: significantly higher biomass in control units, with biomass loss greater than the average reduction of the living biomass of vascular plants. For the leaf trait measurements, we collected three individuals of each species and measured the following traits: leaf dry matter content (LDMC; %), leaf area (LA; mm 2 ) and specific leaf area (SLA; mm 2 /mg). Moreover, we measured the nitrogen content of shoots (N; m/m%). We assigned shoot hairiness (present/absent) and shoot height of the species based on Király et al. (2009) .
We applied one-way ANOVA with Fisher LSD post-hoc test to reveal the differences in the trait values characteristic to the three preference categories. We performed Principal component analysis (PCA) to study the covariance amongst traits. We tested the correlation between the species traits using Pearson correlation. We used R software for statistical analyses (R Core Team, 2017).
Results
Community level analyses
LMEs did not reveal significant differences in the species richness of the grazed and control units. However, there were some short-lived species which were found only in the control units (e.g. Bromus hordeaceus, Cerastium dubium, C. vulgare, Capsella bursa-pastoris and Myosotis stricta). The differences between the control and the grazed units in the amount of litter and moss biomass were non-significant (Table 1 ). The living biomass of vascular plants decreased by 65.2% in grazed units compared to the controls, the reduction was similar for graminoid (65.5%) and forb (64.2%) biomass ( Figure 2 ). LMEs showed that these reductions were significant, and there were no significant site effects detected (Table 1) . Grazing significantly decreased the number of flowering species, both for graminoids and forbs (Table 1, Figure 3 ). The number of flowering shoots was reduced by 85.5% in the grazed units compared to controls; the reduction was 85.6% and 84.7% for graminoids and forbs, respectively (Table 1, Figure 3 ). There were no significant site effects detected in the case of flowering species and shoot numbers.
Trait-based analyses
We classified the most frequent species into preference categories based on their biomass loss (Table 2 ) and compared the functional trait values of species belonging to different categories.
The species of different categories significantly differed in their SLA (ANOVA: F=7.47; p<0.05) and nitrogen content (ANOVA: F=10.67; p<0.001); cattle preferred species with high SLA and nitrogen content (Fig. 4 ). There were no significant differences in other traits (LDMC, LA, plant height, hairiness) between the preference categories.
We revealed the association between the functional traits using PCA and Pearson correlations ( Fig. 5) . SLA was positively correlated with nitrogen content (Pearson: r= 0.47; p< 0.05) and negatively with LDMC (Pearson: r= -0.49; p< 0.01), and there was a negative correlation between LA and LDMC (Pearson: r= -0.46; p< 0.05).
Discussion
There are lot of studies about grazing effects on grasslands with contradictory results regarding its impact on species richness and biomass (Ferraro and Oesterheld, 2002; Matches, 1992) . One of the main reasons for the various results is the different temporal scale of the studies. The direct effects of grazing (i.e. the consumption of plants), the short-term effects of grazing (i.e. the vegetation properties in the next year after grazing) and the long-term effects of grazing (i.e. changed species composition and vegetation structure) necessarily differ from each other (Asner et al., 2004) . In this paper, we studied the direct effects of grazing, which can lead to a more detailed understanding of the rate of biomass consumption and the dietary choice strategies of cattle.
In this study we expected and found that the species richness scores did not differ in the grazed and control units, because the long-term management of the studied grazing units has been the same as they have been managed by grazing for decades. Therefore, we focused on the direct effects of grazing on the biomass and flowering success of plants.
In moderately grazed grasslands Plachter and Hampicke detected an approximately 45% decrease in litter amounts, while other studies typically found greater (70-85%) decreases in the long run (Kauffman et al., 2004; Bork et al., 2012) . Our results correspond with the findings of Carilla et al. (2011) who demonstrated that not much litter is directly consumed by cattle. Our results also agree with the finding that the lower amount of litter observed on pastures is mainly due to the effects of the trampling and consumption of living biomass (Xiong and Nilsson, 1999; Welker et al., 2004) .
The effect of grazing on mosses has been studied mainly in moss-dominated alpine vegetation or tundra (Memmot et al., 1998; Virtanen, 2000) . Memmot et al. (1998) Based on our study, we can assume that in habitats where herbaceous vegetation is abundantly available for the cattle the consumption of mosses is negligible (Rupprecht et al., 2016) . This is consistent with the results of Oldén and Halme (2016) as they found that bryophytes are generally not eaten by large herbivores.
Studies about the direct effects of moderate intensity grazing on vascular plants' biomass have come to similar results to ours; grasslands showed a 60-70% reduction in living biomass due to the direct effect of grazing (Amiaud et al., 2008; Hofstede et al., 1995) The knowledge on the productivity of grasslands and the dietary preferences of the livestock support the planning sustainable livestock farming. However, from the ecological viewpoint, we have to consider that the decrease of the flowering success due to grazing can be disproportionately higher than the rate of biomass loss as we detected in the present study.
Although grazers often avoid consuming flowering individuals (particularly flowering graminoids), cattle repeatedly graze the majority of palatable plants before they reach the flowering state; thus, they decrease the efficiency of the generative propagation (Milchunas and Noy-Meir, 2002; Oesterheld and Oyarzábal, 2004; Mladek et al., 2013) . Although the direct effect of grazing on the number of flowering shoots and flowering species is negative (Kimball and Schiffman, 2003) , a distinction must be drawn between this direct effect (consumption of first grass) and even the short-term effects (e.g. flowering of regrowths or flowering in next year) (Plachter and Hampicke, 2010) . Anderson and Frank (2003) reported that in regularly grazed areas, which have not yet been grazed in the given year, the number of flowering shoots is twice as high as in abandoned areas. A likely explanation of this phenomenon is that in grazed grasslands light penetration is usually higher than in non-grazed ones (Bakker et al., 2003) , which is favourable for flowering. Therefore, the biomass allocated to the reproductive parts of plants relative to their vegetative parts is higher in grazed habitats (Niu et al., 2009 ). Based on the above results, we emphasize that, in order to ensure the reproduction of most species in the long term, it is unfavourable to graze an area every year in the same period. Instead, it is recommended to use a grazing regime which is mosaic in space and time (Vadász et al., 2016) .
For the implementation of the mosaic management we have to consider the dietary choice and preference of the cattle. The differences in cattle's preference can cause an uneven reduction in the biomass of different species, which can lead to a shift in the competitive interactions among species (Grant et al., 1996; Johnson and Sandercock, 2010) . Different functional traits of species affect the vegetation composition via these community-level mechanisms. Grazers prefer highly digestible species with high nutritional value (Mladek et al., 2013; Moretto and Distel, 1997) . These hard traits can be analysed via some soft traits as they positively correlate with SLA and nitrogen content (Mladek et al., 2013; Bullock et al., 2001) . Our results justified this assumption as cattle preferred plants with high SLA and nitrogen content.
These two traits were the only significant indicators of dietary preference.
The livestock carrying capacity of an area and the long-term management of grasslands can be carefully planned based on biomass measurements and the nutritional value of plants, which is well indicated by some easily measurable plant properties such as specific leaf area and nitrogen content. Moreover, it would be necessary to measure the amount of biomass in studies focusing on grazing effects, because using this method proper grazing intensities could be effectively determined for any given grassland.
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